Adoptions of new crop establishment methods, changing management practices and inclusion of new crops in the rice-wheat cropping system are very important for maintaining and increasing system productivity. Experiments were conducted at the Bangladesh Rice Research Institute, Gazipur and farmers' fields in Chuadanga during 2002-03 to evaluate the performances of rice, wheat and mungbean in bed planting and to evaluate the system productivity of Rice-Wheat-Mungbean cropping pattern. Wheat-Mungbean-Direct seeded rice (DSR), Wheat-Mungbean-Transplant rice (TPR), Wheat-Fallow-DSR and Wheat-Fallow-TPR cropping system under bed planting and conventional methods were evaluated. Grain yields of wheat, mungbean, rice and rice equivalent yield (REY) under bed planting were significantly higher (25.41, 40.91, 13.00 and 21.12%, respectively) than the conventional method. The Wheat-Mungbean-Rice cropping pattern produced significantly greater REY (38.25%) than Wheat-Fallow-Rice cropping pattern. Total variable cost was lower (17.33%) in bed planting than conventional method. Gross return, gross margin and benefit-cost ratio of Wheat-Mungbean-Rice cropping system in bed planting were higher (14.43, 40.99 and 38.52%, respectively) than the conventional method.
INTRODUCTION
Rice and wheat are grown in sequence on the same land in the same year over 26 million ha of South and East Asia to meet the food demand of rapidly expanding human population (Timsina and Connor, 2001) . South Asian countries, Bangladesh, India, Nepal and Pakistan with a geographical area of 401.72 million ha, hold nearly half of the world population of 3.1 billion (Timsina and Connor, 2001) . Nearly 60% of the farming households live on less than 30% of global agricultural lands and approximately 240 million people in South Asia consume rice and/or wheat produced in rice-wheat system (Benites, 2001) . Moreover, the annual productivity of the rice-wheat system in the Indo-Gangetic Plain is lower (5-7 t ha -1 ) compared with currently attainable (8-10 t ha -1 ) and site potential (12-19 t ha -1 ) yields (Aggarwal et al., 2000) .
The continuous cultivation of two crops or more per year including rice and wheat has provided food and livelihoods for millions of rural and urban poor in South Asia. Now a crisis looms as the population is growing at more than 2% (nearly 24 millions additional mouth to feed) each year and agricultural land area dwindles and yield increase are leveling off (Hobbs, 2003) . Increasing food production of this area in the next 20 years to match population growth is challenging. It is made even more difficult because, land area devoted to agriculture will be stagnated or declined and better quality land and water resources is expected to be diverted to other sector of the national economy. In order to grow more food from marginal and good quality lands, the quality of natural resource base must be improved and sustained. Efficiency of natural resources like, seed, water, fuel and labour require to be improved. Development of resource conservation technologies is essential since they provide one of the few ways to achieve the above goals.
To meet up the increasing food demand, the productivity of the rice-wheat cropping system must be increased and continued. There should be several options for increasing productivity and reducing cost of production and to conserve natural resources. Development or adoption of new crop establishment methods, changing management practices and inclusion of new crops in the system may be some ways of increasing productivity and resource conservation. Bed planting in rice-wheat cropping systems may be a technique for improving resource use efficiency and increasing the yield (Connor et al., 2003) . In this system, the land is prepared conventionally (full tillage) and raised bed and furrows are prepared manually or using a raised bed planter. Crops are planted in rows on top of the raised beds and irrigation water is applied in the furrows between the beds. Water flows horizontally from the furrows into the beds. This system is often considered for growing high value crops that are more sensitive to temporary waterlogging stress. Growing wheat on raised beds though introduced in the Indo-Gangetic Plain, the practice of rice, the major water-using crop in the rice-wheat cropping system, on raised bed introduced very recently (Connor et al., 2003) . An additional advantage of bed planting becomes apparent when beds are permanent, that is, when they are maintained over the medium term and not broken down and reformed for every crop (Hobbs and Gupta, 2003a) . All the crops of the system, except the first crop, grown in zero tillage, which cut down the costs of land preparation and bed making, and only repairing cost for bed is needed.
Crop diversification may also be an important contributor to environmental sustainability and economic viability of ricewheat areas. Bed planting system greatly facilitates and provides the opportunity for increasing crop diversification and higher productivity for crops traditionally grown on flat surfaces, especially in the wet season, because of less water logging. Crop diversification of the rice-wheat system ameliorates the family incomes, minimizes peak labour demands, facilitates easier weed and nitrogen management, and often results in better yield .
Inclusion of grain legumes in the dry-wet transition period of rice-wheat cropping system as a third crop may be another option of increasing cropping intensity, crop diversity and productivity of the system. Although the non-rice season across the rice-wheat area is low rainfall, heavy pre-monsoonal rain can have disastrous effects on the third crop, such as maize or mungbean grown after wheat or before rice, both during establishment and grain filling because of water logging (Timsina and Connor, 2001; Quayyam et al., 2002) . Due to lack of proper crop establishment techniques and temporary water logging at reproductive stage, inclusion of a grain legume like mungbean in rice-wheat cropping system very often faces problems. Bed planting may be a solution of this problem because raised beds not only facilitate irrigation but also drainage, and there in lies their potential to increase the yield of crops other than rice in the system. Therefore, the study was undertaken to evaluate the performances of rice, wheat and mungbean in bed planting for increasing crop diversity through inclusion of mungbean in ricewheat cropping systems and to evaluate the total system productivity of rice-wheat-mungbean cropping systems under bed planting. For wheat, 70 cm wide raised beds (40 cm top and 30 cm furrow) were made manually following the conventional land preparation and height of beds was 15 cm. Beds prepared for wheat were used for mungbean and rice. The beds prepared for wheat kept intact and mungbean, DSR and TPR on bed were grown as zero tillage condition. Normal tillage practices were followed in conventional method for all the crops. Weed population and dry biomass of weed were recorded at the time of weeding from a sample area of 0.25 m 2 for all the crops. Grain yields and yield components of all the crops were collected at maturity. The productivities of different cropping systems were compared in terms of rice equivalent yield (REY). Cost of land preparation, bed preparation, labour wage, inputs and irrigation and price of the products and byproducts were recorded. Simple economic analysis such as total variable cost (TVC), gross return, gross margin and benefit-cost ratio (BCR) were done for different planting methods.
MATERIALS AND METHODS

Crop management practices
The wheat variety Kanchan was used in both the locations. The seed rates were 120 kg ha -1 and 90 kg ha -1 for conventional and bed planting, respectively. Seeds were treated with Viatvax-200 at the rate of three gram kg -1 seed. For beds, seeds were sown on 26 and 17 November in Gazipur and Chuadanga, respectively, in two rows bed -1 and for conventional method, row-to-row distance was 20 cm. In the row, seeds were sown continuously and covered properly with soil. Phosphorus (P), potassium (K), sulphur (S) and zinc (Zn) were applied at the rates of 36, 25, 20 and 4 kg ha -1 , respectively. The N rates were 100 kg ha -1 and 80 kg ha -1 for conventional and bed planting, respectively. Twenty-five percent seed and 20% N were reduced in bed planting based on previous results (Gupta et al., 2000; Hossain et al., 2001) . Two-thirds N and whole P, K, S and Zn fertilizers were applied at the time of final land preparation. The remaining one-third N was top dressed at 19 days after sowing at crown root initiation stage (three leaf stage) followed by irrigation. For the treatments with bed planting, N was top dressed on the top of beds only. Seeds were sown in rows in both bed and conventional methods. Other crop management practices were followed as per recommendation (Sufian, 2001) . Wheat was harvested on 22 and 15 March in Gazipur and Chuadanga, respectively.
Mungbean variety BARI Mung-5 was used in both the locations. Seed rate was 50 kg ha -1 for both the conventional and bed planting. Seeds were sown in two rows at 20 cm apart, on the top of beds keeping 10 cm at each edge in bed and for conventional method, row-to-row distance was 35 cm. Seeding dates of mungbean were 23 March and 16 March in Gazipur and Chuadanga, respectively. Nitrogen, P and K were applied at the rate of 18, 16 and 15 kg ha -1 , respectively.
For the treatments with conventional tillage, all the fertilizers were applied at the time of final land preparation and for bed planting it was applied on bed top before sowing. Other recommended crop management practices were followed. Irregular maturity was observed in both the locations. Mature pods were picked up manually thrice from each plot during 26 May-15 June and 18 May-10 June at Gazipur and Chuadanga, respectively.
Aman rice varieties BRRI dhan30 and BRRI dhan39 were used in Gazipur while BR11 and BRRI dhan30 were used in Chuadanga. In the Kharif-II season a pre-sowing herbicide, Glycel (41% Glyphosate) was applied at the rate of 3.7 liter per hectare on fallow plots only as huge number of weeds grew on fallow lands. It was applied 15 days before sowing and transplanting of direct seeded and transplanted rice, respectively, in all the fields. For DSR, seed rates were 60 and 45 kg ha -1 for conventional and bed planting, respectively. Pre-germinated seeds were sown in rows in both the methods with same spacing as in wheat. In Gazipur, seeds were sown on 1 July and that of on 28 June in Chuadanga. For TPR, 27-and 28-day-old seedlings were transplanted on 20 and 18 July in Gazipur and Chuadanga, respectively. Two to three seedlings hill -1 were used maintaining the spacing of 20 cm × 20 cm. For the beds, seedlings were transplanted in two rows at 20 cm apart on the top of beds keeping 10 cm at each edge. Irrigation water was applied between the furrows of bed one day before transplanting to make the soil soft.
Phosphorus, K, S and Zn were applied at the rates of 20, 35, 10 and 4 kg ha -1 , respectively. The N rates were 100 and 80 kg ha -1 for conventional and bed planting, respectively. In the conventional treatment, the whole of P, K, S and Zn were applied at final land preparation while in bed planting, fertilizers were applied on the top of the beds before sowing and transplanting. For DSR, N was applied in four equal splits. One-forth of N fertilizer was applied as basal and the remaining splits were top dressed at 20, 40 and 60 days after sowing (DAS) for BRRI dhan39 and at 20, 45 and 70 DAS for other three varieties (BRRI, 2000) . For TPR, urea was top dressed in three equal splits at 15, 30 and 45 days after transplanting (DAT) for BRRI dhan39 and at 15, 35 and 55 DAT for other varieties. For the treatments with bed planting, N fertilizer was top dressed on the top of beds (BRRI, 2000) . Other recommended crop management practices were followed. In Gazipur, rice was harvested on 1-13 November and in Chuadanga it was harvested on 7-8 November.
RESULTS AND DISCUSSION Agronomic productivity Grain yields of wheat, mungbean and rice were significantly affected by planting method both at on-farm and on-station. The grain yields of all the crops in the system under raised bed planting were significantly higher than that of conventional (flat) planting (Table 1) . Figures in a column followed by different letters differ significantly at the 5% level by DMRT. *REY was calculated based on the local market price of rice, wheat and mungbean @ Tk 7.50, 9 and 30, respectively.
These higher yields in raised beds might be attributed to the higher number of grains panicle -1 and more 1000-grain weight of wheat, higher number of pods plant -1 of mungbean and higher number of grains panicle -1 of rice since the differences of other components were insignificant (Table 3 ).The total REY was also higher in bed planting than the conventional method. The higher grain yield of each crop of the system in raised bed resulted significantly higher REY than flat in every locations. Yield increase in wheat, mungbean and rice by bed planting was also reported by Hobbs and Gupta (2003b) , Sayre (2003) , Hossain et al. (2004) , Talukder et al. (2004) , Meisner et al. (2005) and Mollah et al. (2008) . Yield of wheat and mungbean did not differ under different rice-wheat based cropping patterns (Table 2 ). There were also no significant differences in yield components of both wheat and mungbean while the rice grain yield was affected by different cropping patterns in both the locations. In Gazipur, both TPR and DSR of BRRI dhan30 in Wheat-Mungbean-Rice cropping pattern and TPR in Wheat-Fallow-Rice cropping pattern produced statistically similar grain yields, which were significantly higher than DSR in Wheat-Fallow-Rice cropping pattern ( Table 2) . The lower grain yield of DSR in Wheat-FallowRice cropping pattern was due to high weed infestation. The weed infestation was very low in DSR in Wheat-Mungbean-Rice cropping pattern as compared to Wheat-Fallow-Rice cropping pattern, which indicated that inclusion of mungbean in rice-wheat cropping system possibly would be an effective measure of weed control in DSR (Table 4) . Grain yield of BRRI dhan39 followed the same trend though the yield differences were insignificant.
In Chuadanga, the grain yield of both the rice varieties, BR11 and BRRI dhan30, significantly differed under different rice-wheat cropping systems. The TPR under both Wheat-MungbeanRice and Wheat-Fallow-Rice cropping patterns provided significantly better grain yield than DSR under respective cropping pattern ( Table 2) . The performance of DSR in Wheat-MungbeanRice cropping pattern was also better than in Wheat-Fallow-Rice cropping pattern. The poor yield of DSR in Wheat-Fallow-Rice cropping pattern in Chuadanga was also the result of high weed infestation since the field was remained fallow after wheat.
Inclusion of mungbean in the cropping pattern greatly increased the total REY of the system. The Wheat-Mungbean-Rice cropping pattern where rice was grown either as DSR or as TPR resulted significantly higher total REY than WheatFallow-Rice cropping pattern ( Table 2 ). The differences of rice yield in different cropping patterns also contributed differently to the REY. The lowest REY was computed in Wheat-Fallow-DSR cropping pattern in all the fields except the pattern with BRRI dhan39 in Gazipur, which was similar to Wheat-Fallow-TPR cropping pattern. The interaction effect of planting method and cropping on grain yields of wheat, mungbean and rice was insignificant. Figures in a column followed by different letters differ significantly at the 5% level by DMRT. Figures in a column followed by different letters differ significantly at the 5% level by DMRT.
Increasing Crop Diversity and Productivity of Rice 43 Tables 5 and 6 present the costs of production in details. Bed planting reduced TVC of different cropping patterns as compared to the same pattern under conventional method in each location. It was the combined costs of all the crops in the pattern. Moreover, the total costs of the cropping patterns with three crops were more than the cropping patterns with two crops under both bed and conventional methods in both the locations as the cost of mungbean cultivation was added in the TVC. Furthermore, the TVC was higher in the patterns with TPR than similar pattern with DSR, because the production cost of TPR was higher than DSR. (Table 7) . The lowest gross return was earned by Wheat-Fallow-DSR cropping pattern under conventional method, which followed the Wheat-Fallow-TPR pattern.
Economic productivity
Bed planting resulted higher gross margin than the conventional method of similar pattern at each location (Table 7) . In on-station trial, the highest gross margin was found by bed planting of Wheat-Mungbean-DSR cropping pattern (Tk 64,760 ha -1 ) followed by WheatMungbean-TPR pattern (Tk 62,670 ha -1 ). However, in on-farm trial, the highest was recorded in bed planting of Wheat-Mungbean-TPR cropping pattern (Tk 78,050 ha -1 ) followed by Wheat-Mungbean-DSR cropping pattern (Tk 77,890 ha -1 ) under bed planting. This was because of lower yield of DSR than TPR. The gross margins of Wheat-Mungbean-DSR and Wheat-Mungbean-TPR cropping patterns were very similar in each location. The lowest gross margin was recorded by Wheat-Fallow-DSR cropping pattern under conventional method, which followed the Wheat-Fallow-TPR pattern. The cropping patterns with two crops under bed planting and with three crops under conventional gave similar gross margin in both the locations, which indicated that by using bed planting method the gross margin could be increased to a great extent (Table 7 ). This result might be supported by the results of Chandraand Gupta (2004) and Singh and Beecher (2005) . The local market price: rice=7.5 Tk kg -1 , wheat=9 Tk kg -1 , mungbean=30 Tk kg -1 , wheat straw=1 Tk kg -1 , rice straw=1 Tk kg -1 and mungbean straw=1 Tk kg -1 .
The BCR computed for different cropping patterns under different planting methods showed similar trends as gross margins in both the locations (Table 7) . Bed planting increased BCR, because of higher gross return and lower TVC than those of conventional method in every location. The three crops pattern (WheatMungbean-DSR/TPR) under bed planting resulted the highest BCR while the two crops pattern (Wheat-Fallow-DSR/TPR) under conventional method recorded the lowest BCR at each location.
CONCLUSIONS
The total agro-economic productivity and crop diversity of rice-wheat cropping system could be increased to a great extent over conventional method by adopting bed planting and inclusion of a grain legume like mungbean in the system, which made the system more profitable.
